The effect of permeation enhancers on the viscosity and the release profile of transdermal hydroxypropyl methylcellulose gel formulations containing diltiazem HCl.
The objective of this study was to characterize the release of Diltiazem HCl (DTM HCl) from hydroxypropyl methylcellulose gels containing the following permeation enhancers at a 0.5% (w/w): sodium lauryl sulfate, dimethyl sulfoxide (DMSO), polysorbate 80, propylene glycol, N-methylpyrrolidone (NMP), fatty acids (oleic acid, caprylic acid, and myristic acid), and isopropyl myristate (IPM). The enhancers' effects on the gel's viscosity were also investigated. The novel findings of this study were the following: (i) polysorbate 80 was used for the first time as an enhancer with a hydrophilic compound in a hydrophilic carrier and it rendered the highest permeation flux (57.1 +/- 0.9 microg/cm(2)/h) compared with the rest of the enhancers, (ii) myristic acid (a 14-carbon-chain fatty acid) rendered the highest permeation flux (18.4 +/- 0.49 microg/cm(2)/h) among all fatty acids because of a decrease in the gel's viscosity, (iii) NMP (46.5 +/- 0.7 microg/cm(2)/h) and IPM (15.3 +/- 0.41 microg/cm(2)/h) increased the permeation flux from the second day onward. Both enhancers increased the gel's viscosity, (iv) sodium lauryl sulfate decreased the viscosity of the gel and the drug's permeation flux (8.1 +/- 0.21 microg/cm(2)/h) because of its binding with the drug, (v) propylene glycol decreased the permeation flux (10.2 +/- 0.32 microg/cm(2)/h) by increasing the gel viscosity, and (vi) DMSO increased the permeation flux (13.8 +/- 0.4 microg/cm(2)/h) without altering the viscosity. These findings indicate that to formulate DTM HCl into a hydroxypropyl methylcellulose gel the enhancers of choice should be polysorbate 80, myristic acid, DMSO, NMP, and IPM or combinations thereof.